Given the fact that every maritime venture is exposed to continuous risks, it is necessary to create a hierarchic structure of its predictors and to manage them efficiently. In view of that, the International Maritime Organization ( 
INTRODUCTION / Uvod
A vessel that is under way, with her crew and passengers, is frequently exposed to adverse weather conditions. Since ancient times, this has been the major reason for regarding maritime voyage as a dangerous venture. This has been supported by the fact that a vessel having an emergency situation is often far away from any assistance. Risky operations also include critical procedures during cargo handling, and these must also be taken into consideration. Practical examples indicate that the early detection of emergencies or extraordinary circumstances allows the crew to take all available measures on time, in order to reduce the risk and avoid an accident. [8] However, although on-board crews are trained and ready to respond efficiently and on time, the reallife cases prove that human error is still the most common cause of sea accidents. [4] [5] [6] According to the International Maritime Organization (IMO), the risk is defined as the probability that an undesired event will take place, followed by a series of the resulting consequences occurring in real time. [8] The consequences include threats to human life and health, and damage to property and environment. It is necessary to manage the risk efficiently in order to minimise it. This is the very reason for implementing the Formal Safety Assessment (FSA) as a risk management method recommended by IMO. The FSA methodology offers the acceptable risk measures for the loss of human life on board, as well as the ways of calculating its value. This will be further discussed in the paper, with a particular reference to the Republic of Croatia. [12] 
ANALYSIS OF THE PROCESS OF RISK MANAGEMENT / Analiza procesa upravljanja rizikom
The Formal Safety Assessment (FSA) is a risk management method recommended by the International Maritime Organization (IMO). Initially it had been proposed by the UK's Marine Coastguard Agency (MCA), relying on the already accepted system of risk analysis applied in the offshore industry. [9] FSA is a process aimed at increasing safety at sea through preserving human life and natural environment. It allows a continuous analysis of the benefits and assessment of costs of risk reduction measures. (Figure 1) .
The first step comprises the analytical and creative techniques for hazard identification and monitoring. By using analytical elements, previous experience and background data (lists of hazards, analytic data, dangerous substances, etc.) are taken into consideration. The use of creative elements ensures that the process is proactive and not limited only to the hazards that have occurred so far. It consists of structured group reviews of experts from relevant areas, who try to identify the causes and consequences of maritime hazards and accidents. The hazards are then arranged by priorities in order to discard the scenarios that are deemed to be less relevant. Therefore, this stage results in a list of hazards and scenarios ranked by priorities, given their causes, consequences and the above mentioned risk assessment. Hazards can now be grouped as very probable or frequent, reasonably probable, hazards of remote probability, and hazards of extremely remote probability (Table1). The method of assessing the risks presented in Table 2 can be applied depending on the risk category. The goal of the fourth step is to identify and compare benefits and costs associated with the implementation of each RCO identified and defined in the previous step (Step 3). A Cost Benefit Assessment (CBA) comprises the analysis of the detected risks and the associated RCOs, the CBA for each individual option, and the ranking of RCOs. There are several calculation indices which express the value of human life and cost-effectiveness in relation to safety of life, such as Gross Cost of Averting a Fatality (GCAF) and Net Cost of Averting a Fatality (NCAF).
The last step (Step 5) refers to defining all objective recommendations which should be presented to decision majers. The recommendations contain careful and detailed consideration and ranking of all hazards and their underlying causes, comparison and ranking of Risk Control Options in terms of the associated costs and benefits, and the identification of those RCOs which keep risks as low as reasonably practicable.
ANALYSIS OF THE LOSS OF HUMAN LIFE RISK ACCEPTABILITY ON BOARD / Analiza prihvatljivosti rizika gubitka ljudskog života na brodu
The analysis of measures and tolerability of risks deals with the cost effectiveness of these measures. This can be easily assessed in case of material risks, where a cost effective measure is the one whose value is greater than the value of an individual damage. Obviously, in case of human life or natural environment, the acceptability of investing in risk protection is hard to determine. However, the process can be facilitated by the guidelines developed and published by the UK governemnatal organisation Health and Safety Executive (HSE) whose main focus is the health and safety at work. The principle of ALARP (As Low As Reasonably Practicable) refers to a level of risk that is neither negligibly low nor intolerable high. ALARP is actually the attribute of a risk, for which further investment of resources for risk reduction is not justifiable. The principle has been approved by IMO and vaties according to the area of maritime shipping ( Figure 2) .Furthermore, the framework of FSA sets the following values of the human life risk acceptability: [ The analysis of maritime hazards and risks takes into account the categories of the Individual Risk (IR) and Societal Risk. The IR refers to the indivudual risk of death or injury at a given working location, while the Societal Risk refers to an average risk of accidents affecting many persons, i.e. the entire group that can be exposed to a hazard. The IR can be expressed as: [14] (1)
Where: F -frequency of the undesirable event, P -probability of accident for person Y, and E -fractional exposure of person Y to the given risk. The assessment of the cost effectiveness of investing in the reduction of risk and the ranking of accidents are the issues affecting the assessment of the individual risk. The IMO recommends the following relations when creating a risk matrix: 1 fatality equals 10 cases of serious injuries, while 1 case of serious injuries equals 10 cases of minor injuries ( Table 3 ).
The frequency index represents the relation between the lower number of accidents with serious consequences and the higher number of accidents with minor consequences (Table 4 ).
An analysis of Tables 3 and 4 results in the formula that is a preerquisite for creating a Risk matrix (Table 5) : [13] (2)
Where: RI -Risk index, FI -Frequency index, and SI -Severity index. The risk matrix is a suitable means for ranking the risks, with the purpose of their cost-benefit assessment. However, practical use proves that the suggested matrix is not an ideal tool for risk ranking, because of errors that occur, for instance, due to the linear change in frequency of severity, unless the conditions and circumstances surrounding an accident have not been evaluated. Societal risk is typically expressed as a FN-diagram or through the so-called Potential Loss of Life (PLL). The PLL is defined as the expected value of the number of fatalities per year. PLL is a type of risk integral, being a summation of risk as expressed by the product of consequence and frequency: [9] 
Where: N -upper limit of fatalities in a single accident, f N -frequency of accidents involving N fatalities, and F 1 -frequency of fatalities involving one or more victims.
COMPARATIVE ANALYSIS OF THE VALUE AND LOSS OF HUMAN LIFE ON BOARD / Komparativna analiza vrijednosti i gubitka ljudskog života na brodu

GCAF AND NCAF METHODOLOGIES / GCAF i NCAF metodologija
The cost of preventing the loss of human life on board can be expressed as the gross and net values, i.e.
as GCAF (Gross Cost of Averting a Fatality) and NCAF (Net Cost of Averting a Fatality).
It is deemed that, in practise, the advantage should be given to GCAF as it depends heavily on the costs of fatality prevention. [7] NCAF also takes into account economic benefits from the Risk Control Options (RCOs) under consideration. This may be misused in some cases for pushing certain RCOs, by considering more economic benefits on preferred RCOs than on other RCOs.
Here are the equations for GCAF and NCAF criteria: [10] There is the co-called 3-million-US-dollars criterion that is applied in all recent FSA analyses and cost-benefit assessments using RCOs. [10] According to this criterion, the preferred RCO must have GCAF and NCAF values less than 3 million US dollars. In this case, the NCAF formula is expressed as: [10] 
Whereby the parameters ∆C, ∆B and ∆R must meet the following relation:
Furthermore, under equal conditions, the GCAF formula is:
ICAF / ICAF
In recent years, the FSA analyses have been using the Implied Cost of Averting a Fatality (ICAF) which results from the Life Quality Index (LQI). The LQI is used for expressing the social, health, environment and economic dimensions of the quality of life at working conditions, and the formula expressing these values is: [3] ) 1 ( w w e g LQI − ⋅ = (9) Where: g -gross domestic product per resident, e -average life expectancy, and w -economically active part of lifetime. In case the proposed RCO is accepted, the value of the ICAF is established. The latter can be defined as an optimum amount of funds to be invested in order to prevent a fatal accident.
[1]These funds are larger in developed countries so that, for instance, they amount to around 5 million US dollars in the USA. (10) Where: γ -gross domestic product per resident per year, ε -average life expectancy, and w -economically active part of lifetime (in developed countries: w≈1/8). Table 7 provides the data on maritime traffic (ship arrivals) over the period 2006 -2017. It can be notices that the traffic of vessels increased from 223967 to 258670, i.e. an increase of 34703 arrivals. Table 8 presents the causes and number of performed search and rescue operations over the same period of time. It can be noticed that there was a drop in performed SAR operations following the year 2011, but there was an increase in performed SAR operations after 2014, in accordance with an increased number of ships in the same period. Figure 3 combines the data from Tables 7 and  8 to show that the growth of SAR operations did not follow the growth of traffic proportionally (see Figure 3) . In other words, after the year of 2011 the frequency of SAR actions decreased although the number of ship arrivals increased by 23000, while increased traffic after 2014 influenced the increase in performed SAR actions. Table 8 Number of performed SAR operations
CALCULATION OF THE GCAF, NCAF AND ICAF VALUES FOR THE REPUBLIC OF CROATIA / Izračun vrijednosti GCAF, NCAF i ICAF za Republiku Hrvatsku
COMPARATIVE ANALYSIS OF THE MARITIME TRAFFIC AND MARITIME ACCIDENTS IN THE REPUBLIC OF CROATIA / Komparativna analiza pomorskog prometa i pomorskih nezgoda u Republici Hrvatskoj
Tablica 8. Broj poduzetih akcija traganja i spašavanja
The dependence of the observed operations has been examined by using the ϰ 2 test. The produced results clearly indicate the dependence (ϰ 2 (88)=143,17; p<0,001) of the observed categories. This can be explained by various implementation dynamics of the Risk Control Options (RCOs) that are performed in the Republic of Croatia on a yearly basis. When referring to RCOs aimed at reduction of the risk of human life loss in Croatia, it is important to note the introduction of the Croatian Vessel Traffic Monitoring and Information System (CVTMIS). The system comprises the Automatic Identification System (AIS), maritime radar system, maritime radio-communication system, and other systems that allow the interaction with vessels and the control of navigation. The launch of the system started gradually in 2006 and by 2011 it was fully implemented, including the radar system as its integral part. There are three regional centers -Dubrovnik, Split and Rijeka. By comparing the data presented in Tables 8 and 9 , it can be concluded that, after the implementation of CVTMIS, the number of maritime accidents has decreased in spite of the growing maritime traffic.
ANALYSIS OF THE NCAF AND GCAF VALUES FOR THE REPUBLIC OF CROATIA / Analiza izračuna vrijednosti NCAF i GCAF za Republiku Hrvatsku
When calculating the values of the NCAF and GCAF parameters for the Republic of Croatia, the following scenarios are taken into consideration: -Value of human life 0.5 mil USD The analysis of the presented scenario indicates that the annual cost of fatalities amounts to 1.5mil USD. The completed CVTMIS system was implemented by the end of 2011. The total investment amounted to about 7 million US dollars. It is expected that the fatalities will be reduced from 3 per year to 3 in ten years. Taking this into consideration, the annual fatality cost is expected to drop from 1.5mil USD to 150,000USD per year, thus saving 1.35mil USD per year. Given the fact that the initial investment amounted to around 7mil USD, with the annual maintenance cost of around 100,000USD, the expected return on investment is approximately 5.5 years.
By applying the already presented equations for the assessment of NCAF and GCAF, the following ΔR values are produced: 
The obtained difference of the variable ΔR between the initial and final value after the introduction of the abobe described measures amounts to 0.0000108.
The variable ΔB presents the difference between the initial cost, i.e. three fatalities per year (1.5mil USD) and three fatalities in ten years or, in other words, the amount of 1.35mil USD multiplied by the annual average of 250,000 vessels, and is expressed as: 
As it is considered that:
The insertion of the obtained data results in: 
CONCLUSION / Zaključak
Despite the continuous growth of the global maritime shipping and the world fleet, the number of fatalities in sea accidents has been dropping. From the risk analysis point of view, there is a noticeable need for hazard detection at workplace in order to assess the risk and analyse all measures and options that can be applied to reduce the risk. As for the applied Risk Control Options (RCOs), their cost effectiveness is easy to determine when material risk is observed. The matter gets more complex and challenging when trying to assess the risks to the environment and human life. The ALARP (As Low As Reasonably Practicable) principle has been introduced as a response to this issue. It implies that the cost of RCOs has to be lower than the damage caused by the incident.
In order to make the application of FSA (Formal Safety Assessment) methodology efficient, it is essential to define all hazards and measures for reducing the risk. A detailed consideration of the FSA issues allows identifying the key tools for calculating the value of human life at sea, i.e. Gross Cost of Averting a Fatality (GCAF), Net Cost of Averting a Fatality (NCAF) and Implied Cost of Averting a Fatality (ICAF). Although the International Maritime Organization (IMO) has accepted the criterion of efficiency of the applied risk prevention measures amounting to 3 million US dollars, additional RCOs must be taken into consideration as, in maritime shipping, hazards often refer to environmental damage at the same time, so that the overall damage or cost is significantly larger than the value of human life.
The figures referring to the maritime traffic and accidents in the Republic of Croatia indicate a noticeable decrease in the overall sea accidents during the period 2006 -2013, while during the period 2014 -2017 there was an increase in sea accidents together with an increase in ship traffic. The most evident reduction of accidents was experienced after the introduction of the Croatian Vessel Traffic Monitoring and Information System (CVTMIS) in 2011. This research used the CVTIMS implementation as a RCO, i.e. as input information for calculating GCAF and NCAF in Croatia.
None of these parameters exceeded the limit of one million US dollars during the process of calculating and obtaining their final values for the Republic of Croatia. It can be concluded that even if the obtained values were beyond the maximum limit of 3 million dollars, the RC should be taken into account as the calculation refers only to reducing the risk to human life. If the above value is augmented by the value of reducing the risk of environmental pollution, then the benefits are multiple and the cost effectiveness is obvious. As for the calculation of ICAF parameters for the Republic of Croatia, the obtained value of 2.45 million USD implies that the value of human life is lower than in the developed economies. Compared to Croatia, the value of life in the USA, according to their official parameters, amounts to 4.5 million USD. Clearly, a higher level of economic development indirectly corresponds to a higher value of the human life.
